The presence of stomata in flower and fruit is common but there is limited information about stomata distribution during their development. The aim of this study was to verify the stomatal characteristics in the petal surfaces, exocarps and leaf epidermis during their developments. The median region of exocarps, adaxial and abaxial epidermis of the petals and leaf midribs during the development of Zephyranthes candida was studied under light microscopes. The results showed that there were stomata on the median region of exocarps, adaxial and abaxial epidermis of the petals and leaf midribs. The petal and fruit epidermal cells were polygonal in shape, while leaf epidermal cells were strip. The leaf stomatal index and stomatal density were the largest in the surfaces investigated. In different parts, the stomatal index, stomatal density, length and width of guard cell showed different correlations during different stages of development.
INTRODUCTION
Stomata are pores in the plant epidermis, surrounded by two guard cells, which control the aperture opening and closing. Stomata are specialized epidermal structures that regulate CO 2 , O 2 and water vapor exchange between plants and their environment (Evert, 2006) . Although, there are many studies on leaf stomata, some have reported on non-photosynthetic organs, such as petals (Azad et al., 2007) , fruits (Peschel et al., 2003; Zieliński et al., 2010) , seeds (Paiva et al., 2006) , nectaries (Davies et al., 2005; Horner et al., 2003) and primary roots (Christodoulakis et al., 2002) . Stomata are closely related with environmental changes, global climate changes (Hetherington and Woodward, 2003; Berry et al., 2010) and plant immunity (Melotto et al., 2006) , apart from controlling of gas exchange. Since stomata play such #Both authors contributed equally to this work. important roles, stomatal distribution and function in different parts of plant have aroused wide concern. Zephyranthes candida (Lindl.) Herb (Fairy Lily; Amaryllidaceae) is a perennial herb. The leaf is glossy deep green, linear and about 3 mm wide. The white flower is erect in perianth, the scape is slender and hollow and the flower is single born on top of the scape. The bottom of the spathe-shaped involucrum is tubular. The capsule is nearly spherical and the seed is black and flat. There are lots of studies on the pharmacology of Z. candida (Mutsuga et al., 2001; Wu et al., 2009 ) but few are on the stomata distribution of different organs during development. In this study, the stomata distribution of petals, fruits and leaves during development were investigated to provide some new morphological information on Z. candida.
MATERIALS AND METHODS
Z. candida (Lindl.) Herb used in this study was grown at the campus of Jinan University, China. The different developmental stages of flower, fruit and leaf were collected. The petals, in different stages of Flower development, were categorized into the following eight developmental stages by the petal length: 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 cm. The fruit were categorized into the following 6 developmental stages by the fruit diameter: 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 cm. The leaves were categorized into the following 8 developmental stages by the leaf length: 10, 15, 20, 25, 30, 35, 40 and 45 cm.
Measurement of stomatal characteristics
Fresh flowers, fruits and leaves were selected for observation. Samples were taken from the median region of exocarps, adaxial and abaxial epidermis of the petals and leaf midribs. The plant materials were washed with deionized water. The temporary slides were obtained by the way of ripping off or the nail polish blot from the materials. The number of stomata (NS), number of epidermal cells (NE), the guard cell length (GCL) and guard cell width (GCW) were determined using a light microscope (NIKON YS100, Japan) at 400× magnification. Fifty (50) fields were randomly counted from 10 plants for each part. Each experiment was repeated 3 times. The stomatal density (SD) and stomatal index (SI) were estimated. SD referred to the number of stomata per squared millimeter. SI was calculated using the formula NS / (NE + NS) × 100% (Cutter, 1978) .
Data analysis
The average and standard error values of SD, SI, GCL and GCW were calculated and compared among the different organs using ANOVA. Student-Newman-Keuls' test was used to determine differences between treatments. Correlations among SD, SI, GCL and GCW were tested using Pearson correlation coefficient.
RESULTS

Epidermal characteristics of different parts of Z. candida
The epidermal cell characteristics of the flower, fruit and leaf of Z. candida are shown in Figure 1 . There were stomata on the median region of exocarps, adaxial and abaxial epidermis of the petals and leaf midribs. The patterns of anticlinal walls of epidermal were straight. The petal epidermal cells were polygonal in shape. The petal guard cells were kidney-shaped and some were deformed for extrusion from the adjacent epidermal cells. The exocarp epidermal cells were also polygonal in shape. The exocarp guard cells were kidney-shaped. The leaf epidermal cells were strip-shaped and arranged in neat rows. The leaf epidermal guard cells were kidneyshaped and their growth axes were parallel with the epidermal cells.
Stomatal characteristics during the petals development
The stomatal characteristics of the adaxial and abaxial epidermis during the petals growth from 1.5 to 5 cm are summarized in Table 1 stomatal density on the lower petal surface were larger than on the upper petal surface at the same development stage.
On the adaxial epidermis, the SI increased at first, and then decreased. When petal length was 3.0 cm, the SI reached its maximum (SI is 0.92 ± 0.11%). The SD decreased remarkably with the petal growth. The size of stomata was (25.60 -34.64) µm x (5.99 -9.40) µm. Similarly, on the abaxial epidermis, the SI began to increase and then decreased with the petal growth, and had a maximum value at a critical petal length of 4.0 cm. The SD also decreased remarkably. The size of stomata was (22.18 -33.05) µm × (4.86 -9.25) µm. When petal length was 4.5 cm, the GCW on both surfaces reached its maximum, respectively.
Stomatal characteristics during the fruits development
The stomatal characteristics of the median region of the excarps during the fruits growth from 0.4 to 1.4 cm in diameter are shown in Table 2 . The stomatal characteristics changed with the fruits development. The SI, SD and GCW decreased with the fruit development. When fruit diameter was 0.4 cm, the SI, SD and GCW reached their maximum, respectively. The size of the stomata on the fruit was (30.13 -33.20) µm × (10.65 -13.59) µm.
Stomatal characteristics during the leaves development
The stomatal characteristics on the adaxial and abaxial epidermis during the leaves growth from 10 to 45 cm in length are summarized in Table 3 . The stomatal characteristics changed with the leaf development. The SI and SD on both surfaces varied in waves. On the adaxial epidermis, when leaf length was 25 cm, the SI and SD were at their minimum, respectively. The size of stomata was (40.12 -48.24 ) µm × (11.18 -15.35) µm. On the abaxial epidermis, when leaf length was 40 cm, the SI and SD had a minimum respectively. The size of the stomata was (42.00 -53.01) µm × (10.83 -15.40) µm.
Relationships among stomatal index, stomatal density, length and width of guard cell
As shown in Table 4 , during petals extension from 1.5 to 5.0 cm, there was a very significant negative correlation between the SD and GCL (P < 0.01). A significant negative correlation was recorded between the SD and GCW (P < 0.05). There was a very significant positive correlation between the GCL and GCW (P < 0.01). According to the information in Table 5 , a conclusion could be drawn that there was an extremely significant positive correlation between the SI and SD during the fruit diameter change from 0.4 to 1.4 cm (P < 0.01).
As shown in Table 6 , during the leaf extension from 10 to 45 cm, there was an extremely significant positive correlation between the SI and SD (P < 0.01). A significant negative correlation was observed between the SI and GCL (P < 0.05).
DISCUSSION
Few researches have been done on the stomata of plant reproductive organs. There are stomata in the flower and fruit of Z. candida. The characteristics of stomata on the epidermis changed correspondingly with the development of flower and fruit. The SI on the two surfaces of the petal increased at first and then decreased, while the SD was reduced. The SI and SD on the exocarp generally decrease with the development of the fruit. The SD on the exocarp decreased sharply at first and then slowed down gradually. Yamada et al. (2009) , researched on the development of the rose petal. They found that the epidermal cell division was dominant at the early stage, while the epidermal cell expansion was dominant at the later period. In this study, the epidermal and guard cell division are dominant in the initial period of development and then these two kinds of cells expansion are dominant, causing SD reduction. Leaf is a plant vegetative organ. The stomata on the leaf epidermis have been studied extensively. Some have stomata on the abaxial and adaxial epidermis. In the terrestrial plant, the SD is larger on the abaxial epidermis than on the adaxial (Wu et al., 2005) . But in this study, the SI and SD on the adaxial leaf epidermis are larger than on the abaxial, and this is consistent with Trifolium repens (Zoric et al., 2009 ). This may be due to the fact that Z. candida grows in the moist soil. The stomatal density and index on the adaxial epidermis are large to speed up the evaporation, which could be supply sufficient traction for the transport of nutrients and could more effectively reduce the surface temperature of plants at a high temperature.
The SD refers to the number of stomata per squared millimeter. Overall, the SI and SD on the leaf are much larger than those on the petal and fruit. The stomata regulate CO 2 and O 2 exchange, which will affect plant photosynthesis and respiration. Leaf, the plant vegetative organ needs much stomata in order to carry out photosynthesis and respiration to provide adequate organic matter and energy for the plant. Flower and fruit are the plant reproductive organs, which makes the plant to reproduce. The function of the flower and fruit stomata is still uncertain. Hew et al. (1980) , found that the stomata in the flowers of tropical orchids were incapable of photosynthesis and transpiration. Azad et al. (2007) reported that the stomata on the epidermis of the tulip petals could open and close according to the temperature, to control the water balance. Whether the stomata on the petal epidermis of Z. candida can carry out photosynthesis and transpiration needs to be studied further. Peschel et al. (2003) reported that the stomata on the exocarp of sweet cherry were functional before maturity but non-functional at maturity. Whether the stomata on the petal epidermis of Z. candida are functional also needs to be studied further. During the development of flower, fruit and leaf, different relevance was shown among the stomatal characteristics. In the process of flower development, the SD and GCL showed a very significant negative correlation (P < 0.01), and the length and width of guard cells showed a very significant positive correlation (P < 0.01). At the early flower development, the SD was relatively large, while the guard cell was relatively small. But as the flower grew, the SD decreased, while the guard cell became larger. During the fruit and leaf development, the SD and SI showed a highly significant positive correlation (P < 0.01), and the SD and SI changed synchronously.
